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We analyze the semileptonic B → K∗2 (1430)l+l− transition in universal extra
dimension model. In particular, we present the sensitivity of related observables
such as branching ratio, polarization distribution and forward-backward asymmetry
to the compactification factor (1/R) of extra dimension. The obtained results from
extra dimension model show overall a considerable deviation from the standard model
predictions for small values of the compactification factor. This can be considered
as an indication for existence of extra dimensions.
PACS numbers: 12.60-i, 13.20.-v , 13.20.He
2I. INTRODUCTION
The semileptonic B meson decays are important frameworks to restrict the Standard
Model (SM) parameters as well as search for new physics beyond the SM. Experimental
progress at B factories offers the possibilities to study such decay channels in near future (see
for instance [1–5]). Among the semileptonic B decays, the B → K∗2 (1430)l+l− transition is
important as it happens via loop flavor changing neutral current (FCNC) of b→ s transition
at quark level. Such loop transition can be used to explore the effects originating from new
physics beyond the SM, hence, theoretical calculations of the related parameters to these
transitions become important in this respect.
Universal extra dimension (UED) model is one of the popular extension of the SM.
This model is a category of the extra dimension (ED) [6–8] which allows the SM fields (both
gauge bosons and fermions) to propagate in the extra dimensions. Comparison of the results
obtained by UED with those of the SM can offer interesting phenomenology. We consider the
simplest UED model where just a single universal extra dimension compactified on a circle
of radius R called the Appelquist, Cheng and Dobrescu (ACD) model [9] to investigate the
B → K∗2(1430)l+l− transition. The effective Hamiltonian responsible for b → s transition
was calculated in the ACD model in [10–14]. In this model, the Kaluza-Klein (KK) particles
interact with themselves as well as with the SM particles. These interactions bring additional
Feynman diagrams compared with the SM and require changes in the Wilson coefficients
entering to the effective Hamiltonian. In this model, the Wilson coefficients and as a result,
the effective Hamiltonian are described in terms of the compactification factor 1/R.
The main ingredients in analysis of the considered transition both in UED and SM mod-
els are form factors entered to the transition matrix elements. These form factors have been
recently calculated both in the perturbative QCD [15] and light cone QCD sum rules [16]
approaches. Using the corresponding form factors, we depict sensitivity of the related phys-
ical observables such as branching ratio, polarization distribution and forward-backward
asymmetry to the compactification factor 1/R and compare the obtained results from extra
dimension with those of the SM. The ACD model has been previously applied to investigate
the following channels: Λb → Λνν¯ and Λb → Λγ [17, 18], Λb → Λl+l− [18, 19], B → K∗l+l−,
B → K∗ν+ν−, and B → K∗γ [20] and B → K∗0(1430)l+l− [21]. Recently, we have also in-
vestigated many observables describing the Λb → Λl+l− transition using the corresponding
form factors obtained from full QCD in UED model [22]. For some other applications of
the ACD model to hadron physics see [23–27]. Note that the B → K∗2 (1430)l+l− transition
has also been investigated in the standard model and two new physics scenarios: vector-like
quark model and family non-universal Z ′ model [28].
The outline of the paper is as follows. In next section, we introduce the effective Hamilto-
nian responsible for the considered transition. In section III, the transition matrix elements
and fit functions of the responsible form factors are presented. In section IV, we discuss
the sensitivity of the aforementioned physical quantities to the compactification factor 1/R
and compare the obtained results with the SM predictions. Last section is devoted to our
conclusions.
3II. EFFECTIVE HAMILTONIAN RESPONSIBLE FOR THE B → K∗2 (1430)l+l−
TRANSITION
The B → K∗2 (1430)l+l− transition proceeds via loop b → s transition whose effective
Hamiltonian is written as:
Heff = GFαemVtbV
∗
ts
2
√
2π
[
Ceff9 s¯γµ(1− γ5)b ℓ¯γµℓ+ C10s¯γµ(1− γ5)b ℓ¯γµγ5ℓ
− 2mbCeff7
1
q2
s¯iσµνq
ν(1 + γ5)b ℓ¯γ
µℓ
]
. (1)
where GF is the Fermi coupling constant, Vij are elements of the Cabibbo-Kobayashi-
Maskawa (CKM) matrix, αem is the fine structure constant and C
eff
7 , C
eff
9 and C10 are
Wilson coefficients. The Wilson coefficients in ACD Model are calculated in [10–14] in lead-
ing logarithmic approximation. In this model, each Wilson coefficient is described in terms
of some periodic functions F (xt, 1/R) having an ordinary SM part F0(xt) and an extra part
in terms of the compactification factor 1/R, i.e.,
F (xt, 1/R) = F0(xt) +
∞∑
n=1
Fn(xt, xn). (2)
Here xt = m
2
t/M
2
W and mt is the top quark mass. In the above equation, xn = m
2
n/m
2
W with
mn = n/R being the mass of the KK particles and n = 0 corresponds to the ordinary SM
particles. The Glashow-Illiopoulos-Maiani (GIM) mechanism guaranties the finiteness of the
functions F (xt, 1/R) and satisfies the condition F (xt, 1/R)→ F0(xt) when R→ 0. Explicit
expressions for the Wilson coefficients with all input parameters are presented in [22]. From
the expressions for the Wilson coefficients, we see that, the Ceff7 and C10 are only functions
of the compactification factor. However, the Ceff9 , besides the 1/R, depends also on the
transferred momentum squared q2. Using the explicit expressions for these coefficients, we
obtain the numerical values for Ceff7 (1/R), C10(1/R) as well as C
eff
9 (1/R, q
2) at a fixed value
of q2 and different values of 1/R in Table I. In this Table, we also present the values of these
coefficients from the SM. Here, we would like to make the following comment about the
range of the compactification factor, 1/R. From the electroweak precision tests, the lower
limit for 1/R is obtained as 250 GeV if Mh ≥ 250 GeV expressing larger KK contributions
to the low energy FCNC processes, and 300 GeV if Mh ≤ 250 GeV [9, 23]. In the present
study, we consider the range of 1/R from 200 GeV up to 1000 GeV . With a quick glance at
Table I, we observe that the values of Wilson coefficients in UED model differ considerably
from their SM values. In particular, C10 is enhanced and C
eff
7 is suppressed.
III. TRANSITION MATRIX ELEMENTS AND B TO TENSOR MESON FORM
FACTORS
To obtain the physical quantities, we need to know the amplitudes defining the considered
transition. The decay amplitude for B → T l+l− are obtained sandwiching the effective
Hamiltonian between the initial and final states:
〈T (P2, ǫ)|Heff |B(PB)〉 (3)
41/R [GeV] Ceff7 C10 C
eff
9 (14)
200 −0.195212 −5.61658 4.83239 + 3.59874i
300 −0.244932 −4.92684 4.77624 + 3.55939i
400 −0.266419 −4.65118 4.7538 + 3.54366i
500 −0.277351 −4.51581 4.74278 + 3.53594i
600 −0.283593 −4.43995 4.7366 + 3.53161i
700 −0.287468 −4.39337 4.73281 + 3.52895i
800 −0.29003 −4.36279 4.73032 + 3.52721i
900 −0.291808 −4.34166 4.7286 + 3.526i
1000 −0.293092 −4.32646 4.72736 + 3.52514i
SM −0.298672 −4.26087 4.72202 + 3.52139i
TABLE I. Numerical values for Ceff7 , C10 and values of C
eff
9 at q
2 = 14 for different 1/R’s and
the SM.
Where, P2 and PB are the momenta of the final and initial states, respectively, ǫµ =
1
mB
ǫµνP
ν
B
and ǫµν is polarization tensor of the tensor meson. To proceed, we need to know the following
matrix elements which are parameterized in terms of form factors [15, 29–31]:
〈T (P2, ǫ)|s¯γµb|B(PB)〉 = − 2V (q
2)
mB +mT
ǫµνρσǫ∗νPBρP2σ,
〈T (P2, ǫ)|s¯γµγ5b|B(PB)〉 = 2imTA0(q2)ǫ
∗ · q
q2
qµ + i(mB +mT )A1(q
2)
[
ǫ∗µ −
ǫ∗ · q
q2
qµ
]
−iA2(q2) ǫ
∗ · q
mB +mT
[
P µ − m
2
B −m2T
q2
qµ
]
,
〈T (P2, ǫ)|s¯σµνqνb|B(PB)〉 = −2iT1(q2)ǫµνρσǫ∗νPBρP2σ,
〈T (P2, ǫ)|s¯σµνγ5qνb|B(PB)〉 = T2(q2)
[
(m2B −m2T )ǫ∗µ − ǫ∗ · qP µ
]
+T3(q
2)ǫ∗ · q
[
qµ − q
2
m2B −m2T
P µ
]
, (4)
where q = PB−P2, P = PB+P2, and V, A0,1,2 and T1,2,3 are form factors. At point, q2 = 0,
we have the relation, 2mTA0(0) = (mB +mT )A1(0) − (mB −mT )A2(0) in order to cancel
the pole at q2 = 0.
The form factors of B → T transition are calculated in [15] using the perturbative QCD
and we use them in our analysis. The form factors are best extrapolated by [15]:
F (q2) =
F (0)
(1− q2/m2B)(1− a(q2/m2B) + b(q2/m2B)2)
, (5)
where, the parameters a, b and F (0) for form factors V, A0,1 and T1,2,3 are presented in
Table II. Neglecting higher power corrections, A2 is related to A0 and A1 by:
A2(q
2) =
mB +mT
m2B − q2
[
(mB +mT )A1(q
2)− 2mTA0(q2)
]
. (6)
5TABLE II. Parameters entering to the fit function of the form factors responsible for B → T
transition.
F F (0) a b
V B→K
∗
2 0.21+0.04+0.05−0.04−0.03 1.73
+0.02+0.05
−0.02−0.03 0.66
+0.04+0.07
−0.05−0.01
A
B→K∗
2
0 0.18
+0.04+0.04
−0.03−0.03 1.70
+0.00+0.05
−0.02−0.07 0.64
+0.00+0.04
−0.06−0.10
A
B→K∗
2
1 0.13
+0.03+0.03
−0.02−0.02 0.78
+0.01+0.05
−0.01−0.04 −0.11+0.02+0.04−0.03−0.02
T
B→K∗
2
1 0.17
+0.04+0.04
−0.03−0.03 1.73
+0.00+0.05
−0.03−0.07 0.69
+0.00+0.05
−0.08−0.11
T
B→K∗
2
2 0.17
+0.03+0.04
−0.03−0.03 0.79
+0.00+0.02
−0.04−0.09 −0.06+0.00+0.00−0.10−0.16
T
B→K∗
2
3 0.14
+0.03+0.03
−0.03−0.02 1.61
+0.01+0.09
−0.00−0.04 0.52
+0.05+0.15
−0.01−0.01
IV. SOME OBSERVABLES RELEVANT TO THE B → T l+l− TRANSITION
In this section, we present sensitivity of some physical quantities to the compactification
factor and compare the obtained results from the UED with SM predictions.
A. Differential Decay Rate and Branching Ratio
Using the amplitude from Eq. (3) and definitions of the transition matrix elements in
terms of the form factors from Eq. (4), the differential decay rate is obtained as [28]:
dΓ(q2, 1/R)
dq2
=
1
4
[
3Ic1(q
2, 1/R) + 6Is1(q
2, 1/R)− Ic2(q2, 1/R)− 2Is2(q2, 1/R)
]
, (7)
where,
Ic1(q
2, 1/R) =
[
|AL0(q2, 1/R)|2 + |AR0(q2, 1/R)|2
]
+ 8
m2l
q2
Re
[
AL0(q
2, 1/R)A∗R0(q
2, 1/R)
]
+4
m2l
q2
|At(q2, 1/R)|2,
Is1(q
2, 1/R) =
3
4
[
|AL⊥(q2, 1/R)|2 + |AL||(q2, 1/R)|2
+ |AR⊥(q2, 1/R)|2 + |AR||(q2, 1/R)|2
]
(1− 4m
2
l
3q2
)
+
4m2l
q2
Re
[
AL⊥(q
2, 1/R)A∗R⊥(q
2, 1/R) + AL||(q
2, 1/R)A∗R||(q
2, 1/R)
]
,
Ic2(q
2, 1/R) = −v2
[
|AL0(q2, 1/R)|2 + |AR0(q2, 1/R)|2
]
,
Is2(q
2, 1/R) =
1
4
v2
[
|AL⊥(q2, 1/R)|2 + |AL||(q2, 1/R)|2
+ |AR⊥(q2, 1/R)|2 + |AR||(q2, 1/R)|2
]
, (8)
6and
v=
√
1− 4m2l /q2,
AL0(q
2, 1/R)= NK∗
2
(q2)
√
λ√
6mBmK∗
2
1
2mK∗
2
√
q2
[
(Ceff9 (q
2, 1/R)− C10(1/R))
[(m2B −m2K∗
2
− q2)(mB +mK∗
2
)A1(q
2)− λ
mB +mK∗
2
A2(q
2)]
+2mb(C
eff
7L (1/R)− Ceff7R (1/R))[(m2B + 3m2K∗
2
− q2)T2(q2)
− λ
m2B −m2K∗
2
T3(q
2)]
]
,
AL⊥(q
2, 1/R)= −
√
2
√
λ√
8mBmK∗
2
NK∗
2
(q2)
[
[Ceff9 (q
2, 1/R)− C10(1/R)]
√
λV (q2)
mB +mK∗
2
+
2mb(C
eff
7L (1/R) + C
eff
7R (1/R))
q2
√
λT1(q
2)
]
,
AL||(q
2, 1/R)=
√
2
√
λ√
8mBmK∗
2
NK∗
2
(q2)
[
[Ceff9 (q
2, 1/R)− C10(1/R)](mB +mK∗
2
)A1(q
2)
+
2mb(C
eff
7L (1/R)− Ceff7R (1/R))
q2
(m2B −m2K∗
2
)T2(q
2)
]
,
At(q
2, 1/R)= 2NK∗
2
(q2)
√
λ√
6mBmK∗
2
C10(1/R)
√
λ√
q2
A0(q
2),
NK∗
2
(q2)=
[
G2Fα
2
em
3 · 210π5m3B
|VtbV ∗ts|2q2λ1/2vB(K∗2 → Kπ)
]1/2
. (9)
In the above equations, B(K∗2 → Kπ) = 0.499 ± 0.012 [32] and λ = λ(m2B, m2K∗
2
, q2) with
λ(a2, b2, c2) = (a2 − b2 − c2)2 − 4b2c2. The right-handed amplitudes are obtained via
ARi(q
2, 1/R) = ALi(q
2, 1/R)|C10(1/R)→−C10(1/R), (10)
where, i = 0,⊥ or ||.
Integrating the differential decay rate over q2 in the allowed physical region, i.e. 4m2ℓ ≤
q2 ≤ (mB −mK∗
2
)2, the 1/R dependent total decay width is obtained. Using the lifetime of
the B meson, τB = 1.530×10−12 s, and the input parameters,mb = 4.8GeV , |VtbV ∗ts| = 0.041,
GF = 1.17× 10−5 GeV −2, αem = 1137 , mB = 5.28, mK∗2 = 1.43 GeV , mµ = 0.1056 GeV and
mτ = 1.771 GeV [32], we acquire the 1/R dependent branching ratios as presented in Fig.
1. Note that we consider the uncertainties related to the hadronic form factors given in
Table II in our plots. From this figure and the analysis of the branching ratios, we observe
that
• at lower values of the compactification factor, the bands of UED obtained considering
the uncertainties of the form factors are wider compared with that of the SM for both
leptons. At higher values of 1/R, the two models sweep approximately the same area.
• at lower values of the compactification factor 1/R and central values of the form
factors, there is a sizable difference between the ACD and SM model predictions for
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FIG. 1. The dependence of branching ratios on compactification factor, 1/R for B → K∗2 l+l−
both leptons . When we increase the 1/R, the results of UED start to diminish and
tend to the SM predictions. The discrepancy between the UED and SM predictions
at lower values of the compactification parameter can be considered as an indication
for existence of extra dimensions.
• the order of magnitude of the branching ratio for B → K∗2µ+µ− specially in ACD
model shows the possibility to study this channel in the future experiments.
• as it is expected, an increase in the mass of final lepton results in a decrease in the
branching ratio.
B. Polarization distribution
The longitudinal polarization distribution is obtained as [28]:
dfL(q
2, 1/R)
dq2
=
dΓ0(q2,1/R)
dq2
dΓ(q2,1/R)
dq2
=
3Ic1(q
2, 1/R)− Ic2(q2, 1/R)
3Ic1(q
2, 1/R) + 6Is1(q
2, 1/R)− Ic2(q2, 1/R)− 2Is2(q2, 1/R)
,
(11)
where in deriving the above equation, the
dΓ0(q
2, 1/R)
dq2
=
[
|AL0(q2, 1/R)|2 + |AR0(q2, 1/R)|2
]
, (12)
has been used for the massless limit of the differential decay width. The integrated polar-
ization fraction is obtained as [28]:
fL(1/R) ≡ Γ0(1/R)
Γ(1/R)
=
∫
dq2 dΓ0(q
2,1/R)
dq2∫
dq2 dΓ(q
2,1/R)
dq2
. (13)
We show the sensitivity of the integrated polarization fraction to the compactification factor
1/R in figure 2. This figure depicts the following results:
• the UED bands deviate considerably from the SM predictions for both lepton cases at
lower values of 1/R. When the compactification factor approaches to 1000 GeV the
difference between the predictions of the two models become negligible.
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FIG. 2. The dependence of longitudinal polarization on compactification factor, 1/R for B →
K∗2 l
+l−.
• the errors of the form factors can not kill the discrepancies between two model pre-
dictions at lower values of the compactification factor.
• when we consider the central values of the form factors, the polarization fraction for
the µ case is approximately 1.4 time greater than that of the τ .
C. Forward-backward asymmetry
The next observable related to the B → K∗2 l+l− transition is the forward-backward
asymmetry. The differential forward-backward asymmetry is obtained as (for details see
[28]):
dAFB(q
2, 1/R)
dq2
=
[∫ 1
0
−
∫ 0
−1
]
d cos θl
d2Γ(q2, 1/R)
dq2d cos θl
=
3
4
I(q2, 1/R), (14)
where,
I(q2, 1/R) = 2v
[
Re[AL||(q
2, 1/R)A∗L⊥(q
2, 1/R)]− Re[AR||(q2, 1/R)A∗R⊥(q2, 1/R)]
]
.
(15)
The dependence of the forward-backward asymmetry on compactification factor for B →
K∗2 l
+l− and two leptons are shown in figure 3. From this figure and analysis of the forward-
backward asymmetry, we conclude that
• there is a considerable discrepancy between the ACD and SM bands also in this case
at lower values of the compactification factor.
• as it is expected |AFB| ≤ 1 for both leptons.
• considering the central values of the form factors, we observe that AFB in the case of
µ is approximately seven times greater than that of the τ .
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FIG. 3. The dependence of forward-backward asymmetry on compactification factor, 1/R for
B → K∗2 l+l−.
V. CONCLUSION
We analyzed the rare B → K∗2 l+l− transition both in ACD and SM models. In particular,
we presented the sensitivity of some physical observables like branching ratio, longitudinal
polarization and forward-backward asymmetry to the compactification factor, 1/R. The
order of the branching ratio of B → K∗2µ+µ− shows that this channel can be studied in
the near future experiments. The obtained results show considerable discrepancies between
the prediction of the two models on the considered physical quantities at lower values of
the compactification parameter. This discrepancy exists and can not be killed even if the
uncertainties of the form factors are taken into account. These results together with the
other evidences for deviation of the ACD model predictions from those of the SM obtained by
investigation of many observables related to the B and Λb channels in [10, 11, 17–27, 33–36],
can be considered as a sign for the existence of Kaluza-Klein particles and extra dimensions
in the nature which should we search for at the LHC.
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